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The rate of microvascular fluid transfer was estimated 
in 11 patients with extensive skin disease from the cap-
illary filtration coefficient as measured by strain-gauge 
plethysmography on the forearm. Capillary filtration of 
the patients was significantly increased when compared 
with the control group (p < 0.001). Blood flow was in-
creased to the same extent as capillary filtration, thus 
resulting in a normal mean ratio between the capillary 
filtration coefficient and the blood flow. On this back-
ground it is concluded that an increased capillary sur-
face area available for exchange of fluid can explain the 
increased microvascular water filtration. 
In a previous study we found a decreased ratio of intravas-
cular to extravascular water in a group of patients with exten-
sive disease [1]. This may be due to changes in the h ydrody-
namic conductivity of the capillary wall and/ or to an increased 
capillary surface area available for exchange of fluid. The net 
exchange of fluid may therefore be increased in these patients. 
The capillary filtration coeffi cient (CFC) is the rate of fluid 
transfer across the capillary membrane caused by changes jn 
capillary pressure [2, 3]. The aim of the present study has 
therefore been to examine the net microvascular water filtration 
in order to further elucidate if the cause of th e abnormal fluid 
distribution is due to either the magnitude of the capillary 
surface area or to the permeability characteristics of the capil-
lary endothelium. This has been done by plethysmographic 
measurements of blood flow and CFC on the forearm . 
MATERIALS AND METHODS 
Six male and '5 female patients (mean 53 yr ± 18 SD) wi th extensive 
skin disease were exained (Table). The extent of the disease expressed 
as the total skin involvement in percent of the skin surface area and 
the fo rearm skin involvement at the site of the examination calculated 
in percent of the arm circumference, are listed in the Table. The 
diagnoses were erythroderma in 5 patients (due to psoriasis in 2, eczema 
in 1 and of an unknown cause in 2 patients) atopic dermatitis in 1 
patient, and psoriasis vulgaris in 5 patients. 
Clinical examination, chest x-ray, ECG, and routine laboratory values 
did not reveal any other major diseases but that of the skin. Only bland 
topical treatment was applied at the time of the examination. 
The patients were studied in the morning in the supine position after 
at least haff an hour's rest at a room temperature between 22-24 °C. 
Smoking, coffee or tea-drinking were not allowed for at least 2 hr before 
the start of the examination. 
Blood flow and CFC were measured by strain-gauge plethysmogra-
phy (4) with a mercury-in-rubber strain-gauge (Park Electronics, Ore-
gon, Mass., USA) encircling the thickest part of the forearm. The gauge 
was stretched about 15% of its original length. A cuff was wrapped 
around the arm just proximal to the elbow. 
At least two identical series of measurements were performed each 
including 10-15 blood flow readings followed by recording the volume 
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Abbreviations: 
CFC: capillary ftltration coefficient 
increase during 10 min of venous stasis with the cuff inflated to 50 mm 
Hg. The average values were used for calculations. CFC was calculated 
a the volume increase from 5-10 min of the venous stasis period, 
expressed as ml-(100 ml-min -mm Hg) - 1• 
The results were compared with those obtained in 12 age and sex-
matched normal volunteers using the same technique. 
Student 's 1-test for unpaired observations and linear correlation by 
least squares' method were used for statistical evaluation. P > 0.05 was 
regarded as not significant. 
RESULTS 
The T able shows the individual values of blood flow and 
CFC of the patients. The mean values of both parameters were 
significantly increased compared to the ·control values (p < 
0.001). There was a trend towards a relatively greater increase 
of blood flow than of CFC, but the mean ratio between CF C 
and blood flow did not differ signficantly between patients and 
controls (Table). 
A posit ive correlation was found between blood flow and 
CFC (r = 0.71, p < 0.01) (Fig 1). Furthermore there was a 
positive correlation between the degree of forearm skin involve-
ment and blood flow (r = 0.77 ,p < 0.01) (Fig 2), but not between 
forearm skin involvement and CFC (p > 0.1). 
DISCUSSION 
Movement of fluid across the capillary membrane depends 
on hydrostatic and osmotic forces, the hydrodynamic conduc-
tivity of the capillary wall and on the capillary surface area 
available for exchange of fluid. 
In a previous report we concluded, that the slightly decreased 
plasma volume often present in patients with extensive skin 
disease refl ects a relative extravascular accumulation of fluid as 
the total volume of extracellular fluid is normal or even slightly 
increased [ 1]. , 
We suggested this to be due to changes in the hydrodynamic 
conductivity or to an increased surface area, the resultant of 
which wou ld be an increased net transcapillary fluid transport. 
In living man the net filtration of fluid can be estimated from 
the accumulation of fluid recorded volumetric during graded 
elevation of the capillary pressure by venous stasis. The dimen-
sion of the capillary flitration coefficient is rnl- (100 rnl- min. 
mm Hg) - 1 [2]. The normal values of CFC in this study agree 
with those from other reports using the same technique [3, 6). 
The finding of a pronounced and significant increase in CFC 
as demonstrated in this study (Table) in a group of patients 
comparable with those from our earlier report [1] support the 
concept t hat the extravascular accumulation of fluid is due to 
an increased net outflux of water from the microvasculatw-e . 
The 2 ma in factors determining the CFC are the capillary 
permeability, i.e. the hydrodynamic conductivity of the capil-
lary wall and the capillary surface area [3]. Changes in the 
vessel wall, thus increasing the net outflux of water may cor-
respond to our earlier finding of an increased extravasation of 
macromolecules [7, 8, 9]. Recently it was suggested, that the 
microvascular leakiness to macromolecules is restricted to the 
postcapillary venules [9]. This minor part of the capillary 
exchange system could hardly influence the net transport of 
fluid significantly. The dominant route for water flitration is 
through the endothelial cell membrane and an increase in size 
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Blood flow (BF) and capillary filtration coefficient (CFC) measurements in I I patients with extensive skin disease 
Age Skin involvement(%) Case Sex (yr) Forearm Total 
1 F 58 100 100 
2 F 60 100 100 
3 M 68 50 80 
4 M 79 100 90 
5 F 15 100 100 
6 M 50 70 80 
7 F 42 50 70 
8 M 50 35 60 
9 M 48 30 60 
10 M 40 60 80 
11 F 72 65 75 
Patients Mean 53 (± SD) (18) 
Contro ls Mean 52 (±SD) (15) 
p< NS 
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FIG l. Corre lation between blood now and capillary filtration coef-
ficient (CFC) in 11 patients with extensive skin disease (r = 0.71 , p < 
0.01). 
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FIG 2. Correlation between blood now and forearm skin involve-
ment expressed in percent of the forearm circumference at the s ite of 
the examination (r = 0.77, p < 0.01). 
or numbers of gaps in the postcapillary venules will be of minor 
importance for the water transport. Other coexisting mecha-
nisms may therefore contribute to the increased transcapilla1·y 
water filtra t ion in skin diseases. 
T he hydrodynamic conductivity of the vessel wall is rather_ 
constant under physiological conditions short of severe injury 
[10, 11). The possible influence of an inflammatory reaction in 
the skin on this parameter has never been examined. The 
BF CFC CFC 
mJ . (l()() ml-min)- 1 ml-(100 ml-min -mm Hg) - ' . JO" l3F 
8.61 4.11 0.48 
12.35 4.63 0.37 
4.99 3.61 0.72 
11.72 3.92 0.33 
12.36 4.46 0.36 
8.56 3.40 0.40 
9.02 4. 10 0.45 
5. 18 3.82 0.74 
6.98 3.55 0.51 
4.97 3.61 0.73 
5. 19 2.49 0.48 
8.18 3.79 0.51 
(2.97) (0.58) (0.15) 
3.66 2.35 0.67 
(1.12) (0.71) (0.23) 
0.001 0.001 NS 
increased CFC may, however , solely be due to an increased 
capillary surface area. This suggestion is supported by the 
finding of an increased blood flow and especially by the finding 
of a constan t ratio between CFC a nd blood flow (Table). 
The positive correlation between the increased blood flow 
and CFC (Fig 1) does not indicate that CFC alters consistently 
with blood flow but refl ects that CFC is related to the capillary 
sw-face area as discussed by Kitchin [12]. Basically, changes in 
CFC and blood flow t herefore reflect changes in the capillary 
surface area. This is substantiated by the correlat ion between 
CFC and hyperemia in skeletal muscle dw-ing exercise [3). 
The average blood flow of the normals and the patients in 
this study agree with other plethysmographic measurements 
[6,14,13]. Skin blood flow can only be roughly estimated from 
plethysmographic measurements of blood flow in the forearm 
as it gives the mean flow through all the t issues of the examined 
segment [13,14). Measured with an atraumatic 133Xe wash-out 
technique the normal skin blood flow is about 5 m.l · (100 ml· 
min) - 1 [15] . 
In the psoriatic skin an increase in skin blood flow to about 
double normal value has been demonstrated [16). A 2-fold 
increase in skin blood flow is also the result from this study if 
it is assumed, that the difference in blood flow between patients 
and controls is due to an increase of skin blood flow. The 
validity of this assumption is supported by the finding of a 
positive correlation between forearm skin involvement and 
blood flow (Fig. 2). 
Our main conclusion is that the tendency of edema formation 
in patients with extensive skin disease can now be explained by 
a relative extravascular fluid accumulation reflecting an in-
creased transcapillary fluid transport with an increased capil-
lary surface area as t he morphological explanation. 
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Announcement 
At the 1980 an nual meeting of the Association of Professors of Dermatology the estab lishment of the 
Eric C. Zwerling Memorial Lectureship Program was an nounced. Mr. Zwerling, who rlied March 30, 1980, 
was a long-time friend of American dermatology and served ma ny years as vice-president of Dome 
Laboratories and as a member of the Board of Directors of Neutrogena Co rpora tion . In order to 
perpetuate the memory of Mr. Zwerling and to enhance the educational program of the rlermatologic 
teaching institutions, the Association of Professors of Dermato logy, in collabora tion with Neutrogena 
Corporation established the Eric C. Zweding Memorial Lectureship Program. This program wi ll be 
funded by a grant from Neutrogena Corporation and wi ll provide funds to sponsor vis iting lecturers to 
each of 5 dermatologic teaching programs each year. It is hoped that the visiting lect urer ca n airl in 
Continuing Medical Education efforts in the community as well as provide a valuable contribution to the 
individual teaching institute. Selection and awarding of the grants of $1500 each wi ll be und e r the 
supervision of the Association of Professors of Dermato logy. All members of the Associat ion of Professors 
of Dermatology are eligible to apply for Eric C. Zweding Memorial Lectureship Grants for their institution. 
Applications must be submitted by the member when atte nding the annual meet ing of the Assoc iation of 
Professors of Dermatology: Five institutions will be selected from those a pplica tions anrl the award ees 
will be announced at the t ime of the meeting. 
For 1980 the awards were made to: Department of Dermatology, Co llege of Ph:vsicians anrl Surgeons, 
Columbia Un ivers ity, New York City; Division of Dermatolog:v. ~ niversity of Louisvill e School of 
Medicine, Louisville, Kentucky; Department of Dermatology, University Health Cent e r of Pittsburgh, 
Pittsburgh, Pennsylvania; Department of Dermatology, Medical University of South Ca rolina, Charl eston, 
South Carol ina; and Division of Dermatology, University of California, Los Angeles- Wadsworth Veterans 
Admi"nistration Hospital Program, Los Angeles, California. 
